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As a part of our ongoing search for new antitumor metabolites from marine microorganisms, we have previously isolated pericosin B (1) as a metabolite of Periconia byssoides originally separated from sea hare (Fig. 1) . 1) So far only a total synthesis of 1 has been achieved by Donohoe et al. 2) We have been interested in an alternative route for the synthesis of pericosin B and related compounds. As a basic study of synthesis of pericosin B, the reactivity for O-methylation or O-acylation of hydroxy groups in diols derived from methyl 3,4-O-isopropylidene-6-epishikimate (2) was examined. Interesting differences in reactivity among those compounds were observed.
Results and Dissccusion
The Diels-Alder product between furan and methyl acrylate was converted to racemic methyl 3,4-O-isoporpylidene-6-epishikimate (2) using the reported method, 3) and then 2 was converted to silyl ether (3) quantitatively. Compound 3 was dihydroxylated with catalytic amounts of osmium tetroxide and trimethylamine N-oxide to a single diol (4) 4) in 94% yield. The newly generated two hydroxy groups and 3,4-Oisopropylidene moiety had the trans configuration. This stereoselection in oxidation is explained by Kishi's rule.
5)
Diol (4) was converted to hydroxyketone (5) by Swern oxidation in 62% yield, then reduced to diol (6) with NaBH 4 in 75% yield with 100% diastereoselectivity. The newly generated hydroxy group at C-2 and 3,4-O-isopropylidene moiety had the cis configuration, and the relative stereochemistry in 6 is suitable for the synthesis of pericosine B (1). The evidence of the stereochemistry will be described later. Treatment with tetrabutylammonium fluoride of 6 led to spontaneous cyclization to afford lactone (7) in 49% yield (Chart 1). In this preparation, the reaction mixture was directly concentrated, then the resulting residue was applied to silica gel chromatography for purification. A reduction in chemical yield (Ͻ30%) was observed when the reaction mixture was treated in the usual way (extraction with ethyl acetate) and even the 1 H-NMR spectrum of crude product indicated the formation of nearly pure 7.
O-Methylation or O-acylation were examined in these three diols (4, 6, 7). The results are summarized in Table 1 .
Acylation of 4 occurred with high regioselectivity to yield only the 2-O-acylated product. In the 1 H-NMR spectra a lowfield shift of H-2 was observed at 5.04 ppm in 4a and 5.26 ppm in 4b, but at 4.00 ppm in 4. O-Methylation of 4 at room temperature (run 4) gave the 1,2-O-bismethylated product (4d). When the reaction was carried out at 0°C for 15 min, the 2-O-methylated product (4c) was obtained in 28% yield with 35% recovery of 4 (run 6). The 1 H-NMR signal of H-2 was observed at 3.69 ppm, which is a higher chemical shift value than that of 4. From these results it is apparent that the 2-hydroxy group in 4 is more reactive in Omethylation or O-acylation.
In the case of 6, which is a C-2 epimer of 4, O-acetylation and O-methylation did not proceed at room temperature (runs 7, 9). When 6 was heated to 100°C with acetic anhydride and pyridine overnight, 7a was isolated in 18% yield (run 8). The reaction of hydroxyl groups in 6 is thought to be inhibited by steric hindrance of the 3,4-O-isopropylidene moiety.
O-Acetylation of 7 proceeded preferentially at C6-OH (run 10), whereas O-methylation proceeded at C1-OH (run 11). Chemical shift values of H-6 were observed at 5.08 ppm in 7a and at 4.12 ppm in 7c in their 1 H-NMR spectra, although that was observed at 3.97 ppm in 7. Their structures were further confirmed by 2D-NMR analysis. The proton signal of H-6 was correlated to an acetyl carbonyl carbon in the HMBC spectrum of 7a. On the other hand, a methoxy proton was correlated to the C-1 quaternary carbon in the HMBC spectrum of 7c. From NOESY analysis, it became clear that both 7a and 7c take the chair form since axial (b) protons at C-2 had cross peaks against H-4 and H-2. These results confirmed the stereostructure of 6. The reduced steric hindrance around 1-OH and 6-OH caused by the equatorial orientation in 7 made both of the two hydroxyl groups reactive. It is an interesting difference of regioselection between O-methylation and O-acetylation of two hydroxy groups in 7. Unfortunately that is not suitable for the synthesis of 1.
Concerning efforts to synthesize 1, compound 4b was converted into alcohol (13) in 6 steps (Chart 2). 6) Then 13 was oxidized with Dess-Martin periodinane to give an unstable enone (14), which could not be purified by silica gel column chromatography but it was converted to an undesired diene (15). Treatment of crude 14 with NaBH 4 also led to the formation of 15. Unfortunately, synthesis of 1 was unsuccessful in this case.
In summary we examined the reactivity for O-acylation or O-methylation of diols (4, 6, 7) derived from methyl 3,4-Oisopropylidene-6-epishikimate (2) and found interesting differences among the substrates but unfortunately these results were not useful for the synthesis of 1.
Experimental
IR spectra were obtained with a Perkin Elmer FT-IR spectrometer 1720X. EIMS was determined using a Hitachi 4000H mass spectrometer. NMR spectra were recorded at 27°C on Varian UNITY INOVA-500, Gemini-2000, and Murcury-300 spectrometers in CDCl 3 with tetramethylsilane (TMS) as an internal reference. Melting points were determined on a Yana- Methyl (1S*,2R*,3S*,4R*,5S*)-5-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-1,2,3,4,5-pentahydroxycyclohexanecarboxylate 4 Olefin (2) (728.9 mg) was dissolved in 5 ml of solvent (tBuOH : pyridine : H 2 Oϭ 20 : 5 : 1). OsO 4 (30 mg, catalytic amount) and trimethylamine oxide (35.5 mg, 1.5 eq) were added to the solution at room temperature and then the reaction mixture was refluxed for 1 h. After cooling, 30 ml of EtOAc and a small amount of saturated Na 2 S 2 O 3 aq. were added to the reaction mixture, which was extracted with EtOAc. The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give crude residue, which was purified with silica gel column chromatography (eluent, 2% MeOH-CH 2 Cl 2 ) to afford 4 (751.8 mg, 94%). 5 To a CH 2 Cl 2 solution (30 ml) of oxalyl chloride (72.4 ml, 0.83 mmol), DMSO (58.9 ml, 0.83 mmol) was added dropwise at Ϫ78°C and stirred for 10 min. Then 4 (312.2 mg) in 10 ml CH 2 Cl 2 was added to the solution, after 15-min reaction the temperature was raised to Ϫ45°C, and then the mixture was stirred for a further 1 h. After the addition of triethylamine (1 ml), the reaction mixture was stirred for another 20 min at 0°C, then treated with saturated aqueous NH 4 Cl, and extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to afford 5 (192.9 mg, 62%). Methyl (1S*,2S*,3S*,4R*,5S*)-5-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-1,2,3,4,5-pentahydroxycyclohexanecarboxylate 6 To a suspension of NaBH 4 (20 mg) in 2 ml of MeOH, 5 (158.9 mg) in 1 ml of MeOH was added dropwise at Ϫ10°C. After stirring for 30 min the reaction mixture was treated with saturated aqueous NH 4 Cl and then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give crude residue, which was purified with silica gel column chromatography (eluent, 3% MeOH-CH 2 Cl 2 ) to afford 6 (119.4 mg, 74% 1-3, 7, 8, 10 ) To a CH 2 Cl 2 solution (5 ml) of ca. 100 mg of substrate, acylating reagent (1.5 eq) and pyridine (0.5 ml) were added with stirring. The reaction mixture was treated with saturated aqueous NaHCO 3 , then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to give the product.
O-Methylation (Runs 4-6, 9, 11) To a suspension of NaH (2.2 eq) in 4 ml of dry THF, ca. 100 mg of alcohol in 1 ml of THF was added at 0°C with stirring. After 30 min, MeI (60 ml: 2 eq) was added to the reaction flask. The reaction mixture was treated with saturated aqueous NaHCO 3 , then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to give the product. propylidene-2-O-methyl-1,2,3,4 5-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-1,2-O-dimethyl-1,2,3,4 1,2,3,4 ,5-pentahydroxycyclohexanecarboxylate 8 To a THF solution (4 ml) of 4b (1.55 g), tetrabutylammonium fluoride 1 M in THF (4 ml) was added at room temperature and stirred overnight. The reaction mixture was treated with saturated aqueous NH 4 Cl and extracted with EtOAc. The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 2% MeOH-CH 2 Cl 2 ) to afford 8 (0.955 g, 85% 1,2,3,4-tetrahydroxycyclohexanecarboxylate 9 To a suspension of DessMartin periodinane (423.3 mg) in 5 ml of CH 2 Cl 2 , 8 (144.8 mg) in 1 ml of CH 2 Cl 2 was added at room temperature, after stirring for 1 h. After diluting with t-butyl methyl ether, the reaction mixture was treated with aqueous Na 2 S 2 O 3 and aqueous NaHCO 3 . The organic layer was washed with brine, dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to afford 9 (121.2 mg, 84% Methyl (4R*,5R*,6S*)-6-O-Acetyl-4,5-O-isopropylidene-4,5,6-trihydroxy-3-oxo-1-cyclohexene-1-carboxylate 10 To a CH 2 Cl 2 solution (2 ml) of 9 (400.8 mg), pyridine (0.5 ml) and (CF 3 CO) 2 O (0.2 ml) were added at Ϫ10°C, and after stirring for 30 min the reaction mixture was treated with saturated aqueous NaHCO 3 , then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to afford 10 (270.2 mg, 72%). (90 mg) in 7 ml of MeOH, 10 (692.5 mg) in 3 ml of MeOH was added dropwise at Ϫ10°C. After stirring for 1 h, the reaction mixture was treated with saturated aqueous NH 4 Cl, then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to afford 11 (428.1 mg, 61% Methyl (3S*,4R*,5R*,6S*)-6-O-Acetly-3-O-tert-butyldimethylsilyl-4,5-O-isopropylidene-3,4,5,6-tetrahydroxy-1-cyclohexene-1-carboxylate 12 To a CH 2 Cl 2 solution (5 ml) of 2 (209.8 mg), TBDMSCl (120.0 mg) and imidazole (100.0 mg) were added at room temperature, and after stirring overnight the reaction mixture was treated with saturated aqueous NaHCO 3 , then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to give 12 (83.1 mg, 28% propylidene-3,4,5,6-tetrahydroxy-1-cyclohexene-1-carboxylate 13 To a MeOH solution (2 ml) of 12 (83.1 mg), K 2 CO 3 (28.7 mg) was added at 0°C. After stirring for 30 min at room temperature, the reaction mixture was treated with saturated aqueous NH 4 Cl, then extracted with CH 2 Cl 2 . The organic layer was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure to give a crude residue, which was purified with silica gel column chromatography (eluent, 1% MeOH-CH 2 Cl 2 ) to afford 13 (59.0 mg, 80% 
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